Reclassification of Xuhuaishuia manganoxidans
The genus Xuhuaishuia was proposed in 2016 [1] and only contained one species Xuhuaishuia manganoxidans at the time of writing. Type strain DY6-4 T of X. manganoxidans is capable of oxidizing manganese (II) to form a brownish manganic oxide, and was isolated from surface sediment of the Pacific Clarion-Clipperton fracture zone in the eastern equatorial Pacific Ocean. Another genus, Brevirhabdus, was established in 2015 [2] , and currently accommodates a single species Brevirhabdus pacifica. Type strain 22DY15
T of B. pacifica is aerobic, short-rod-shaped and motile with a single flagellum, and was isolated from a deep-sea sediment sample collected from a hydrothermal vent field located in the East Pacific Rise. More recently, we found that although the two genera were proposed separately, they showed many common morphological, physiological and chemotaxonomic properties as well as the same 16S rRNA gene sequence. Accordingly, the aim of the present study was to determine the phylogenetic position of X. manganoxidans DY6-4
T by using a polyphasic taxonomic approach. On the basis of the data presented below, we propose that X. manganoxidans is a later heterotypic synonym of B. pacifica.
The two strains, X. manganoxidans DY6-4 T (=MCCC 1K00502 T ) and B. pacifica 22DY15 T (=MCCC 1K00276 T ), were obtained from the Marine Culture Collection of China (MCCC; Xiamen, China). Comprehensive comparative analysis of morphological characteristics for the two strains was performed in this study. The physiological properties were carried out using API ZYM, API 20NE and API 20E strips (bioM erieux) according to the manufacturer's instructions, with the modification of adjusting the NaCl concentration to 3.0 % in all tests. The two strains presented almost identical morphological and physiological characteristics (Table 1) . To be specific, they were Gram-stain-negative, (short) rod-shaped, aerobic, catalase-and oxidase-positive, and of similar cell width and length [1, 2] . Colonies of two strains were circular, yellowish, slightly convex, translucent and smooth with an entire margin on MA for 3 days. The two strains could hydrolyse Tween 20, but not DNA, starch and Tween 80 [1, 2] . The growth ranges and optima of temperature, pH and NaCl were comparable for the two strains [1, 2] . All tests of the two strains were identical in the API ZYM, API 20NE and API 20E strips, except for gelatin hydrolysis (gelatinase) and cystine arylamidase (Table 1 ). Abbreviations: AL, aminolipid; ANI, average nucleotide identity; dDDH, digital DNA-DNA hybridization; GL, glycolipid; L, lipid; MCCC, Marine Culture Collection of China; ML, maximum-likelihood; NJ, neighbour-joining; PC, phosphatidylcholine; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PGL, phosphoglycolipid; PL, phospholipid. The GenBank/EMBL/DDBJ accession numbers of the draft genome sequences for strains T and 22DY15 T are CP019124-CP019142 and MTCO00000000, respectively.
Therefore, these results indicated that the two strains DY6-4
T and 22DY15 T revealed a close relationship.
The 16S rRNA gene sequences of the two strains were retrieved from the NCBI database. In order to decipher the exact taxonomic position of the two strains, we also extracted the 16S rRNA gene sequences of some closely related type species within the family Rhodobacteraceae from the NCBI database. Pairwise sequence similarities were calculated by using the software package DNAMAN version 5.0 (Lynnon Biosoft, Canada). Phylogenetic analysis based on 16S rRNA gene sequences was performed using the software package MEGA version 5.05 [3] with the distance option according to the Kimura two-parameter model and clustering with the neighbour-joining (NJ) [4] and maximum-likelihood (ML) [5] methods, with bootstrap values based on 1000 replications [6] . The similarity of 16S rRNA gene sequences between the two strains was 100 %, suggesting that they were at least the same genus rather than two different ones. The ML tree showed similar topology with the NJ tree, and therefore it was condensed in the NJ tree. As illustrated in Fig. 1 , the two strains formed a monophyletic group with a high bootstrap value of 100 %, thus emphasizing the fact that they were phylogenetically closely related.
The chemotaxonomic characteristics for the two strains were also analysed based on the original results of species identification [1, 2] . To be more precise, X. manganoxidans and B. pacifica showed the similar cellular fatty acid profiles, with C 18 : 1 !7c as the major components, C 10 : 0 3-OH, unknown 11. 799, C 19 : 0 cyclo !8c and summed feature 3 as minor components (Table 2) . They had Q-10 as the principal ubiquinone. Strain DY6-4 T contained phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylglycerol (PG), an aminolipid (AL), two unknown phospholipids (PLs) and a lipid [1] . Strain 22DY15
T contained PC, PE, PG, phosphoglycolipid (PGL), glycolipid (GL), AL, PLs, four lipids (Ls) [2] , revealing the comparability in major polar lipids. These data supported the view that the two strains should belong to the same genus.
DNA-DNA hybridization (DDH) has been considered to be a gold standard for bacterial species delineation [7] . Therefore, to further determine whether they belonged to the same species, the digital DNA-DNA hybridization (dDDH) value between the two strains DY6-4 T and 22DY15
T was calculated based on genome sequences by using the genome-to-genome distance calculator website service (GGDC 2.0) [8] (http://ggdc.dsmz.de/distcalc2.php). The dDDH value between the two strains was 99.90 %, which was significantly greater than a 70 % threshold. The average nucleotide identity (ANI) value between the two strains was also calculated by using the EzGenome web service (www.ezbiocloud.net/tools/ani). The 99.98 % of ANI was much higher than the standard criteria of 95.0-96.0 % for delineation of bacterial species [9] . The DNA G+C content of strain DY6-4 T was 66.6 mol%, which was similar to that of strain 22DY15 T (66.2 mol%), based on respective genome sequences. Therefore, the two type strains belonged to the same species according to the genome analyses. Arginine dihydrolase, b-galactosidase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, H 2 S production, urease, tryptophane deaminase, indole production, acetoin production (Voges-Proskauer), fermentation of glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin, arabinose
In conclusion, on the basis of the phenotypic and genotypic evidences mentioned in this study, we propose that Xuhuaishuia manganoxidans is a later heterotypic synonym of Brevirhabdus pacifica. The emended description of the genus Brevirhabdus and the species Brevirhabdus pacifica were presented below.
EMENDED DESCRIPTION OF GENUS BREVIRHABDUS
The description is the same as that given by Wu et al. 2015 [2] except for polar lipid composition. The major polar lipids comprise PC, PE and PG. The DNA G+C content of type strain of type species is 64.3 mol%.
EMENDED DESCRIPTION OF BREVIRHABDUS PACIFICA
The description is identical to that of Wu et al. 2015 [2] except for some differences described below. Positive for acid phosphatase; weakly positive for lipase (C14), a-glucosidase; negative for denitrification, ß-galactosidase, arginine dihydrolase, lysine decarboxylase. Utilization of Dmannitol and malic acid; weak utilization of D-glucose and adipic acid. No acid production of mannitol, sorbitol, rhamnose, sucrose (sucrose), melibiose and amygdalin. Positive or weakly positive for gelatinase (gelatin hydrolysis). Cystine arylamidase variable. Some strains can oxidize manganese (II).
Litoreibacter albidus KMM 3851 T (AB518881)
Litoreibacter halocynthiae P-MA1-7 T (JX644172)
Litoreibacter ponti GJSW-31 T (KJ729031)
Litoreibacter arenae DSM 19593 T (KE557314)
Pseudooctadecabacter jejudonensis SSK2-1 T (KF515220)
Octadecabacter arcticus 238 T (ABSK01000033)
Octadecabacter temperatus SB1 T (KF836544)
Planktomarina temperata RCA23 T (CP003984)
Aliiroseovarius sediminilitoris M-M10 T (JQ739459)
Xuhuaishuia manganoxidans DY6-4 T (KF356416)
Brevirhabdus pacifica 22DY15 T (KC018457)
Tateyamaria omphalii MKT107 T (AB193438)
Lentibacter algarum ZXM100 T (FJ436732)
Nereida ignava CECT 5292 T (CVPC01000062)
Litorimicrobium taeanense G4 T (GQ232737)
Sedimentitalea nanhaiensis DSM 24252 T (AXBG01000021)
Sulfitobacter pseudonitzschiae H3 T (JAMD01000037)
Sulfitobacter dubius KMM 3554 T (AY180102)
Sulfitobacter undariae W-BA2 T (KM275624)
Sulfitobacter geojensis MM-124 T (JASE01000005)
Sulfitobacter noctilucae NB-68 T (JASC01000002) *Summed features represent groups of several fatty acids which could not be separated by gas-liquid chromatography (GLC) with the MIDI system. Summed feature 2: C 14 : 0 3-OH and/or iso-C 16 : 1 I; summed feature 3: C 16 : 1 !7c and/or C 16 : 1 !6c.
